Introduction
Uniconazole (S-3307) is a triazole derivative, which can promote plant photosynthesis, enhance absorption capacity of roots, protect plants from various environmental stresses, and has a broad-spectrum fungitoxic activity [1] [2] . The biological activity of uniconazole is higher than that of paclobutrazol, and uniconazole is lower cost, lower toxicity, less pollution and specific capability to help to confer resistance in plants to low temperature stress as compared with paclobutrazol, making it as an ideal candidate for assisting remediation of heavy metal contaminated soil, especially in winter [3] [4] [5] [6] . However, there are very few studies on cadmium (Cd) phytoremediation by application of uniconazole [7] [8] [9] . Stellaria media is a widely distributed annual herb of Caryophyllaceae, and also a Cd-accumulator plant [10] . In this study, we used the different concentrations of uniconazole to treat S. media, and studied the effects of uniconazole on growth and Cd accumulation of S. media. The aim of the study was to screen the best uniconazole concentration which could enhance the phytoremediation ability of S. media, and provided a reference for applying the plant hormones on other hyperaccumulators or accumulators for improving phytoremediation ability. maintained at 80% of field capacity for 2 months. Four uniform S. media seedlings were transplanted into each pot in October 2014, and watered every day to keep the soil moisture content maintaining at 80% of field capacity. When S. media seedlings grow one month in Cd-contaminated soil, 5 concentrations (0, 10, 20, 40 and 80 mg/L) of uniconazole with 3 replicates were sprayed on the leaves of plants for each pot, respectively. The amount of each pot was 25 ml of uniconazole solution. After uniconazole treatment one month, the upper mature leaves of S. media were collected to determine the photosynthetic pigment (chlorophyll a, chlorophyll b, total chlorophyll and carotenoid) contents [11] . The upper young shoots (2 cm in length) were collected to determine the superoxide dismutase (SOD) activity, peroxidase (POD) activity, catalase (CAT) activity and soluble protein content [11] . Then, the whole plants were then gently removed from the soil. The treatments of plants are described in the reference of [12] . The Cd concentrations in roots, stems and leaves were determined using an iCAP 6300 ICP spectrometer (Thermo Scientific, Waltham, MA, USA) [13] . The soluble sugar contents in shoots of S. media were determined by anthrone colorimetry with dry weight plant samples [11] .
Experimental Design. Statistical analyses were conducted using SPSS 13.0 statistical software (IBM, Chicago, IL, USA). Data were analyzed by one-way analysis of variance with least significant difference (LSD) at the p = 0.05 confidence level.
Results and Discussion
Biomass. Compared with the control, spraying uniconazole decreased the root and shoot biomass of S. media with the increase of uniconazole concentration (Table 1) . When the dose of uniconazole was 10, 20, 40 and 80 mg/L, the root biomass decreased by 1.68% (P > 0.05), 2.29% (P > 0.05), 8.87% (P < 0.05) and 14.83% (P < 0.05) respectively compared with the control, and the shoot biomass decreased by 8.95% (P < 0.05), 11.83% (P < 0.05), 20.58% (P < 0.05) and 24.09% (P < 0.05) respectively. With the increase of uniconazole concentration, the root/shoot ratio of S. media increased at first and then reduced ( Table 1) . Photosynthetic pigment content. The chlorophyll a, chlorophyll b, total chlorophyll and carotenoid contents of the S. media increased first and then decreased with the increase of the concentration of uniconazole ( Table 2 ). The contents of chlorophyll a, chlorophyll b, total chlorophyll and carotenoid reached the maxmium when the dose of uniconazole was 40 mg/L. When the dose of uniconazole was 10, 20, 40 and 80 mg/L, the total chlorophyll content increased by 2.12% (P > 0.05), 2.59% (P > 0.05), 5.58% (P < 0.05) and 4.58% (P > 0.05) respectively compared with the control, and the content of carotenoid increased by 0.71% (P > 0.05), 1.42% (P > 0.05), 7.47% (P < 0.05) and 6.05% (P > 0.05) respectively. The chlorophyll a/b of S. media had a tendency to increase first and then decline with the increase of concentration of uniconazole, which reached the maximum value at 2.917 when the dose of uniconazole was 10 mg/L ( Table 2) .
Contents of carbon-nitrogen metabolites and antioxidant enzyme activity. The application of uniconazole increased soluble protein content, but drcreased the soluble sugar content of S. media (Table 3) . Uniconazole improved the activities of SOD, POD and CAT (Table 3) . When the dose of uniconazole was 40 mg/L, SOD, POD and CAT activities got the maxma, respectively. When the dose of uniconazole was 10, 20, 40 and 80 mg/L, the activity of SOD increased by 1.59% (P > 0.05), 4.49%
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(P > 0.05), 71.25% (P < 0.05) and 19.05% (P < 0.05) respectively compared with the control, the activity of POD increased by 6.28% (P > 0.05), 11.27% (P > 0.05), 46.65% (P < 0.05) and 29.43% (P < 0.05) respectively, and the activity of CAT increased by 8.27% (P > 0.05), 8.79% (P > 0.05), 60.42% (P < 0.05) and 43.79% (P < 0.05) respectively. Cd Accumulation. With the increase of the concentration of uniconazole, the contents of Cd in roots of S. media decreased, while the Cd content in shoots of S. media increased first and then decreased ( Table 4 ). The maximum of Cd content in shoots was at 40 mg/L uniconazole. When the dose of uniconazole was 10, 20, 40 and 80 mg/L, Cd content in the shoots increased by 6.87% (P > 0.05), 21.00% (P < 0.05), 39.10% (P < 0.05) and 30.58% (P < 0.05) respectively compared with the control. Uniconazole decreased Cd amount in roots of S. media, and had the decreasing trend with the increase of the concentration of uniconazole (Table 4) . However, when the dose of uniconazole was 20 and 40 mg/L, Cd amount in shoots of S. media increased, which increased by 6.68% (P < 0.05)and 10.47% (P < 0.05) respectively compared with the control. When the dose of uniconazole was 10 and 80 mg/L, Cd amount in shoots of S. media decreased. The same as the Cd amount in shoots, only 20 and 40 mg/L uniconazole increased Cd amount in whole plants of S. media, and 10 and 80 mg/L uniconazole decreased that. 
Conclusions
The application of uniconazole inhibited the growth of S. media, and promoted the absorption and transport of Cd from soil. The biomass and soluble sugar content of S. media decreased with the increase of the concentration of uniconazole, whereas the activities of SOD, POD and CAT, the contents of photosynthetic pigments and soluble protein improved. With the increase of concentration of uniconazole, the Cd content and Cd accumulation in the shoots of S. media increased first and then decreased, and reached the maximum up to 67.24 mg/kg and 190.42 μg/plant respectively when the dose of uniconazole was 40 mg/L, which increased by 39.10% and 10.47% compared with the control, respectively. Therefore, application of uniconazole could enhance phytoremediation ability of S. media at the dose of 20-40 mg/L.
